Annually, at least 1.5 million preventable adverse drug events (ADEs) occur in the United States, leading to more than 70,000 deaths, adding approximately $20 billion to healthcare expenditure. 1 Despite prioritizing safety in health systems and processes, ADEs compel over four million people to seek medical care, annually. 2 Today, most of health system uses clinical decision support tools, including electronic health records and computerized prescriber order entry to alleviate medication errors. 3, 4 However, there continue to be areas where complex processes are performed manually, generating opportunities for error occurrence. One such process is the manual dosing calculations for pediatric patients resulting in prescribing errors by physicians. This is frequent because practitioners are required to calculate a patient-specific dose and frequency regimen for each pediatric medication based on weight, age, and body surface area for each patient. 5, 6 Also, complex patients may have significant weight changes within a short period of time and require repeated calculations and adjustments, providing increased opportunity for incorrect doses to be prescribed. 6 Due to the tailored prescribing pattern for pediatric patients, prescribers are required to calculate and enter doses manually into the e-prescribing software-an additional step not necessary with adult dosing. Thus, prescribing errors are much more common in pediatrics than in the adult population. In addition, a small dose fluctuation, which may be tolerated in adults, can have more significant consequences in a child due to difference in physiology and low drug tolerance levels. 7 Voluminous body of work is done in the field of patient safety and medication errors, little research has examined prescribing errors in pediatric population.
To mitigate prescribing errors, it is imperative to rethink the current pediatric prescribing system. Implications from studies in the past have held the prescribers accountable for poor prescribing performance. 3, 5 Considering the complexities mentioned above in pediatric prescribing, it is critical to have a systemic lens while intending to reshape and improve pediatric prescribing. Literature substantiates that medical errors are the result of systems problems, require systems analyses, and can only be addressed with systems solutions. 8, 9 Human factors and ergonomics (HFE) facilitated conceptualization of a framework to examine key work system elements including tools and technology, physical layout, organizational culture, skills of workers, and task characteristics that influence care processes. 10, 11 By applying HFE concepts to our research, we are able to look beyond the skills and knowledge of the individual as the sole determinant of medication safety, and focus on components of the work system as potential contributing factors to medication safety. Restructuring pediatric system holistically, like any other system, demands changes from a human factors perspective to ensure solutions at the interface between tools, systems, and the personnel responsible for operating technologies and/or processes within an organization. 12 Following are some recommendations within the work system model that I hypothesize would reduce prescribing errors drastically in pediatric population 10,11 :
Recommendation 1:
Technology/tools-Design integrated e-prescribing systems to incorporate automated dosing, especially in out-patient settings Nearly a decade ago, the report of American Academy of Pediatrics recommended e-prescribing systems to integrate, at a minimum, pediatric-specific decision support such as weight-based dose calculations. 13 Despite this, most out-patient settings in the USA especially have not integrated this specific tool into e-prescribing systems. [14] [15] [16] CPOE with clinical decision support used in parenteral nutrition prescribing in pediatrics demonstrates improved outcomes and safety. 17 Similarly, developing an e-prescribing software to accommodate calculations and safe dose rounding has a potential to improve medication safety. Automated dosing system integrated in the e-prescribing software would automatically calculate a safe therapeutic dose for the drug being prescribed considering each child's characteristics such as weight, age, height, and/or body surface area. Systemic changes are expected to facilitate smoother workflow by circumventing the complex manual calculations specific for each drug and each child. Initiatives are being taken to standardize doses in some specific populations, but these systems are underemphasized in pediatric out-patient settings. 18 However, automation increases system complexity and adds additional steps such as training workers, increased cost, maintenance, and complexity in conducting root cause analysis. 19 To minimize these unconstructive impacts, changes in technology would necessitate changes at the individual level and the way in which tasks are performed at the technology-human interface.
Recommendation 2:
Organization-Revise and adhere to prescribing guidelines for each drug/therapy Emerging therapies with less well-published dosing guidelines make safe and effective pediatric prescribing difficult. 20 It is important to select an appropriate pediatric medication and dose based on individualized pharmacokinetic considerations-patient's age, size, level of organ maturity, and not simply administer a "small adult" dose. 21 Thus, weight-based doses for new drugs and continually revised and updated safe doses for already existing drugs must be integrated into guidelines. This applies mainly to new FDA approved medications since children are not a part of clinical trials and is difficult to establish safe dose limits for a new medication. Despite of restructured and updated guidelines, prescribers often perceive adhering to guidelines as sabotaging their autonomy and professionalism. 22 Some strategies to improve prescribers' guideline adherence include embedding guidelines within IT systems to support prescriber access and integrating guidelines for commonly existing pediatric conditions. 22
Recommendation 3: Urging ADE/error-reporting practice
Task-Infants and neonates not being able to convey how they feel make pediatric error-reporting a tricky concept. Thus, parents, caregivers at home, individuals at patients' school, and patients themselves share responsibility of identifying an ADE and reporting back to the provider. It is only then that the prescribing protocol can be tracked back, and occurrence of prescribing error/s can be ascertained. Consequently, these errors must be reported by healthcare professionals. Along with physicians and nurses reporting errors first-hand, pharmacists should make it a practice to review prescriptions before filling and verify orders with the prescriber when uncertain.
Individual-Studies show that clinicians often underreport errors due to lack of knowledge about what type of error should be reported. Also, many healthcare professionals depend on error outcomes to decide whether an error should be reported or not. 23 As Nolan noted, "The physician who is willing to learn about the nature of systems, how to control them, and how to improve them can significantly influence medical systems." 9 To improve and maintain culture of safety, healthcare professionals must be trained and motivated to report errors. Only if we remedy the issue of underreporting errors, we can gauge a nearexact frequency with which these life-threatening errors occur.
ASHP guidelines emphasize the need to understand both-system faults and behavioral choices to devise risk reduction strategies. 24 Supporting this idea, the above-mentioned recommendations suggest a change at both a systemic and personal level. Developing an embedded e-prescribing system and revising guidelines supports continually reforming technology and tools to minimize human error. Urging health professionals and caregivers to report ADEs suggests the necessity of behavior change in humans to bring about a difference in the system. Implementation of these strategies would reduce frequency and severity of pediatric errors constricting gaps at the technology-human interface facilitating safety improvement from a holistic perspective.
